Observations of solar and planetary orbits, rotations, and diameters show that these attributes are related by simple ratios. The forces of gravity and magnetism and the principles of energy conservation, entropy, power laws, and the log-normal distribution which are evident are discussed in relation to planetary distribution with respect to time in the solar system. This discussion is informed by consideration of the periodicities of interactions, as well as the regularity and periodicity of fluctuations in proxy records which indicate solar variation. It is demonstrated that a simple model based on planetary interaction frequencies can well replicate the timing and general shape of solar variation over the period of the sunspot record. Finally, an explanation is offered for the high degree of stable organisation and correlation with cyclic solar variability observed in the solar system. The interaction of the forces of gravity and magnetism along with the thermodynamic principles acting on planets may be analogous to those generating the internal dynamics of the Sun. This possibility could help account for the existence of strong correlations between orbital dynamics and solar variation for which a sufficiently powerful physical mechanism has yet to be fully demonstrated.
Introduction
An epoch at which a strong 2 : 1 orbital resonance existed between Jupiter and Saturn is thought to have later ejected most of the planetesimals from the system (Levison et al., 2008) and brought about the re-organisation of the planets with the planetesimal Kuiper Belt beyond Neptune. These are now found in log-normally distributed stable orbits which are close to but not at destructively resonant frequencies. The stability of the solar system at the present epoch is, however, not due to the avoidance of resonance through randomness.
As can be seen in Lykawka and Mukai (2007, Fig. 3) the semi-major axes of planetesimals in the Kuiper Belt cluster at equivalent orbital periods resonant with Neptune in the ratios 2 : 1, 3 : 2, 4 : 3, 5 : 2, 5 : 3, 5 : 8, 7 : 4, and 9 : 4. The 3 : 2 resonance is the strongest of these. It is apparent in many other solar system ratio pairs including the differential rotation of the Sun, spin-orbit ratios of Mercury and Venus, and the rates of precession of synodic conjunction cycles.
As the following observations demonstrate, these evident patterns strongly suggest that the stability of the solar system is maintained by the interaction of the gravity and the heliomagnetic field acting on planets to bring about a variety of resonant couplings. The power laws of gravity and magnetism also evidently act to bring about a log-normal distribution conforming to the numerical series which converge to phi, such as the Fibonacci and Lucas series. The timing patterns generated by the motion of the planets relative to one another are well correlated to solar variation and changes in Earth's length of day. This is further evidence suggesting that a cybernetic feedback is operating in the solar system. The effects evidently assist in maintaining stability, rather than leading to positive feedback and destructive resonance. According to Koyré (1973) , Johannes Kepler, in his treatise "Nova Astonomia" wrote: ". . . because the Earth moves the Moon by its species, and is a magnetic body; and because the sun moves the planets in a similar manner by the species which it emits, therefore the Sun, too, is a magnetic body."
This insight may prove to be prescient, if it is eventually found that the effects of the forces of gravity and magnetism interact to bring about the simple harmonic ratios observed
Published by Copernicus Publications. The resonances which arise from these harmonic ratios were recognised by Kepler as "The music of the spheres", and in the modern idiom, we can refer to these inter-related solar system resonances as "The Hum". This paper examines the relationships of ratios observed in the solar system. In Sect. 2, close-to-resonant ratios are shown between planets and their synodic periods. Section 3 extends these observations to show that as well as being close to resonant ratios as planet pairs, the entire solar system lies in close relation to the log-normally distributed Fibonacci series. Section 4 shows that as well as orbital and synodic periods, the rotation rate ratios of the planet pairs are also related to the Fibonacci series. In Sect. 5 an overview of the long-term convergences and ratios of the orbital and synodic periods is given and the observations summarised.
In Sect. 6 periodicities identified in terrestrial proxy data ( 14 C and 10 Be) are compared with synodic periods and the number series they form, which also relate to the Fibonacci series and powers of the irrational number phi, which this series' adjacent ratios converge to. Since these proxies relate to solar activity levels, a method of correlating the planetary interaction timings of Jupiter, Earth, and Venus with solar variation is demonstrated.
Results are discussed in Sect. 7. The possible mechanisms underlying the apparently coupled phenomena are considered in relation to analogous phenomena for which theory is already developed. This discussion leads to the paper's conclusions given in Sect. 8.
Periodic resonance
Traditionally, the distribution of planets in the solar system has been characterised by the spacing of their semi-major axes (Bode-Titius). A short survey of the ratios between the semi-major axes of adjacent planets reveals an unusual feature whereby their almost exact ratios can be converted to a simple ratio by the addition/subtraction of unity to/from one side of the ratio, as seen in Table 1 .
It should be noted that this type of relationship is not limited to the solar system. Star HD 200964 is orbited by two gas giants with orbital periods of 830 days and 630 days (Johnson et al., 2011) . These periods put their semi-major axes in the ratio 6 : 5. Subtracting unity from 5 makes the ratio 3 : 2. The ratio between their orbital periods is 63 : 83. Adding unity to 83 makes the ratio 3 : 4, a resonant ratio. Similar situations occur with the ratios of orbital periods in the solar system, summarised in Table 2. Many of the ratios in Table 2 are not strongly resonant. However, resonances which are capable of transferring angular momentum between planets and moons are evident in the ratios between the periods of synodic cycles and the orbital periods of more massive planets such as Jupiter. To understand the numerical phenomenon observed in the ratios of planets' semi-major axes seen in Table 1 , we need to investigate not only the relationships between the planets' orbital periods seen in Table 2 but also their synodic cycles, which also help determine those semi-major axes via stronger resonances appearing periodically as gravitational perturbations. These are summarised in Table 3 . 3 Log-normal distribution of periodic phenomena
It is found that the orbital and synodic periods of all the planets and the two main dwarf planets Pluto and Eris lie close to simple relations with the log-normally distributed Fibonacci series, a simply generated sequence of ratios which rapidly converges towards the irrational number phi. A time period of sufficient length to cover the periodicities within the scope of this paper is considered in relation to the Fibonacci series. In Table 4 , the highest number in the Fibonacci series used (6765) is allowed to stand for the number of orbits of the Sun made by Mercury, the innermost planet. The number of orbits made by the other planets and dwarf planets during the time period of ∼ 1630 yr is calculated. Additionally, the number of synodic conjunctions between adjacent planet pairs made in the same period is calculated using the method derived by Nicolaus Copernicus: Period = 1/((1/faster orbit) − (1/slower orbit))
The results are then compared to the descending values of the Fibonacci series and the deviations from the series calculated. Juno is selected as representative of the Asteroid Belt as it lies near the middle of the main core at a distance of 2.67 AU (Fig. 1) . By Kepler's third law this object has an orbital period of P = √ 2.67 3 = 4.36 yr. The synodic conjunction cycles of principal planet pairs form distinctive geometric shapes with respect to the sidereal frame of reference. Mercury-Venus and Venus-Earth conjunctions return close to their original longitudes after 5 synodic conjunctions forming five-pointed star shapes, Jupiter and Saturn after 3 synodic conjunctions forming a triangle shape, and Uranus and Neptune after 21 synodic conjunctions which alternately occur nearly oppositely. The numbers 3, 5, and 21 are all Fibonacci numbers. The time periods over which these synodic conjunction cycles precess either completely or by subdivisions of the number of synodic conjunctions in their cycles relate to each other by simple numerical operations also involving Fibonacci numbers. Their ratios are included in Table 2 in red for further discussion in Sect. 4.1. PSD analysis of the sunspot record reveals cyclic concentrations of higher sunspot numbers near the Schwabe, 1/2 Jupiter-Saturn synodic, and Jupiter orbital periods (Scafetta, 2012a) . The relationship of these periods to planetary interaction periods is included, along with terrestrial climate cycle periods relating to luni-solar variation evident in proxy records such as the De Vries and Halstatt cycles.
Sidereal planetary rotation

The adjacent planetary pairs
It is observed in Table 5 that the numbers of completed sidereal axial rotations made by adjacent planets in proximate elapsed times form close-to-whole number ratios whose numerators and denominators sum to numbers in the Fibonacci sequence. Additional non-adjacent pair ratios are included in Table A2 ).
Solar rotation and the terrestrial planets: Sun and Mercury
Notwithstanding the Sun's axial tilt with respect to the invariant plane, the planets approximately orbit the Sun's equator. Due to its proximity to the Sun, Mercury has a higher orbital inclination from the plane of invariance than other planets, being more affected by the quadrupole moment from the Sun's slight equatorial bulge. The sidereal solar equatorial rotation rate is such that a fixed point on the solar equator lies directly between Mercury and the solar core every 33.899 days. From the frame of reference of solar rotation, Mercury makes exactly one axial rotation every two sidereal orbits, while Mercury completes exactly three axial rotations in the sidereal frame of reference during those two orbits. The Fibonacci numbers involved in this relationship are 1, 2, and 3.
Mercury and Venus
This planet pair forms a synodic conjunction every 144.565 Earth days, advancing 142
• in the sidereal frame of reference. Every fifth conjunction is formed within 8
• of the first, during a period of 1.97 yr. The precession of this sequence translates the longitude of one conjunction to the adjacent synodic conjunction point 142
• away over a period of 18.72 yr. Within 9 days of this period Venus completes 28 sidereal axial rotations, while Mercury completes 116 (see Table 2 ) Adding unity to 28 creates a 4 : 1 ratio. The precession of the five-conjunction cycle takes on average 47.53 yr. After five of these 47.53 yr periods, plus one more five-synod cycle of 1.97 yr, the five-synod-conjunction cycle of Venus and Earth precesses 1/5 in 239.8 yr. The Fibonacci numbers involved in this relationship are 5 and 144.
Every 28 synodic conjunctions, Venus completes 18 orbits and Mercury completes 46 orbits. In this same period Mercury completes exactly 69 axial rotations. Therefore Mercury presents the same face to Venus every 28 synodic conjunctions. This is also the length of the Jupiter-Earth-Venus cycle. It is also the same period of time as the average solar cycle length (11.08 yr).
Venus and Earth
The planet Venus has a slow, retrograde axial rotation period of 243.013 days. Due to the relative rates at which Venus and Earth orbit the Sun, this means Venus will present the same face to Earth each time they meet in synodic conjunction, every 1.598 yr. This also means Venus' sidereal axial rotation is in a 3 : 2 relationship with Earth's orbital period. As seen from Earth, Venus completes two rotations in the same period.
Every 13 orbits of Venus, Earth orbits 8 times and they form 5 synodic conjunctions, the final one occurring near the sidereal longitude of the first. This conjunction cycle precesses by 1/5 in 239.8 yr after exactly 150 conjunctions. The full precession cycle is 1199 yr, and this period is close to a 3 : 2 ratio with the synodic conjunction longitude translation period of the Jupiter-Saturn synodic cycle precession of 796 yr. A closer ratio is 360 : 239. The former number of the ratio, 360, is 3 times the number of Jupiter-Saturn synodic periods in the full precession of the "triple conjunction cycle". The latter number, 239, is also the number of completed Earth orbits in 1/5 of the Earth-Venus synodic precession period of 1199 yr.
A further observation linking the rates of axial rotation and orbital motion of these three terrestrial planets and the Sun is the fact that Mercury rotates 4.14 times in the same time that Venus rotates once, and Mercury completes 4.15 orbits of the Sun while Earth orbits once.
To further underline the non-random nature of the orbital arrangement of these planets and their axial rotation periods, it is observed that the ratio of Venus and Earth's rotation rates divided by their orbital periods is 1.08 : 0.0027. This is equivalent to the ratio 400 : 1. During their respective synodic periods with Jupiter, Venus completes 1.03 rotations and Earth completes 398.88. Venus would not be able to fulfil a near 1 : 1 rotation per synod relationship with both Earth and Jupiter if it were rotating prograde. The force of gravity exerted on Venus by Jupiter and the Earth is of a similar magnitude. This suggests that a transfer of angular momentum is taking place and an orbit-spin coupling is operating to synchronise Venus' orbital and spin relations with these two planets.
The Fibonacci numbers involved in these relationships are 2, 3, 5, 8, and 13
The gas giant planets Rotation
As we saw in Table 2 , the rotation rate ratios of both the outer and inner pairs of the Jovian group is 46 : 43. The other adjacent pair in the group is Uranus-Saturn, in a 2 : 3 ratio. The ratio between the outer and inner pair's summed rotation periods is 1.618 or phi.
That calculation uses a figure of 642 min for Saturn's rotation. However, the radio signals on which the rotation rate is based are variable. Starting with the combined figures, and assigning a notional average of 642 to Saturn, Ur + Ne = 2001 min. Ju + Sa = 1237.5 min. Dividing to obtain the ratio, 2001/1237.5 = 1.617. Since phi is just over 1.618 it is an extremely close match.
Ur / Ju = 1.623. Ne / Sa = 1.611 (using 642 min for Saturn rotation) = 1.624 (using 637 min) = 1.599 (using 647 min) These figures range from 8/5 (1.6) to 13/8 (1.625) but on the known data all are compatible with a phi-Fibonacci relationship.
Orbital and synodic periods
Jupiter and Saturn's successive 19.86 yr conjunctions form a slowly precessing triangle which rotates fully in the course of 2383 yr. One additional synodic conjunction brings the elapsed time to 2403 yr. This is the longer Halstatt cycle period found in proxy records of 14 C and 10 Be. It is almost coincident with double the 1199 yr Earth-Venus synodic cycle precession period mentioned in Sect. 4.4. Fourteen UranusNeptune synodic conjunctions total 2399 yr. This is 2/3 of the full Uranus-Neptune precession cycle.
The close integration of the orbital, synodic, and rotation periods of the inner planets suggests that their orbital and axial rotation periods are dynamically coupled.
The pattern we observe at the larger timescale (45-2400 yr) is that the precession of the five-synodicconjunction cycles of the terrestrial pairs is also coupled. Mercury-Venus relates by multiples of 5 to Venus-Earth, which relates to 1/3 of the precession of the triangular synodic conjunction cycle of Jupiter-Saturn in a 3 : 2 ratio. In turn, the full Jupiter-Saturn synodic precession cycle is in a 3 : 2 ratio with the Uranus-Neptune synodic precession cycle of just over 21 conjunctions totalling 3599 yr. This period is also in a 3 : 2 relationship with the longer Halstatt cycle of around 2400 yr, which is a broad, prominent peak in the 10 Be and 14 C solar proxy records. Adding the longer and shorter Halstatt periods to a total of 4627 yr, there is a convergence of 27 Uranus-Neptune and 233 Jupiter Saturn conjunctions. There are 34 × 3 Saturn-Uranus synodic conjunctions in the same period, and 4237 Jupiter-Earth synodic conjunctions, 1 % away from the Fibonacci number 4181.
The Fibonacci numbers involved in these relationships are 1, 2, 3, 5, 21, 34, 233, and 4181 Pattern Recogn. Phys., 1, [185] [186] [187] [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] [198] 2013 www.pattern-recogn-phys.net/1/185/2013/ 90, 208, 351, 517, 705, 978, and 1125 yr. McCracken et al. (2013b) will discuss possible planetary relations with these periods. Without pre-empting their work, there are some observations highly relevant to the present study which are independent from their methodology.
A number of periods evident in the data presented in McCracken et al. (2013a) are not listed but are relevant to the present study as shown in Table 6 . These include periodicities at 153, 282, 450, 562, 593, 612, and 856 yr. It is observed that the multiples are within the range of the peaks and at the centre of troughs (marked "*") in the data, and follow the Fibonacci series. At 856 yr there is a triple synodic conjunction of Jupiter, Uranus, and Neptune. Table 6 shows periodicities found in McCracken et al. (2013a) against multiples of the synodic period of Saturn and Uranus. Additionally, other series of Fibonacci-ratio-linked periods found in the proxy data are shown. These require further investigation.
Medium-term solar-terrestrial variation
Prominent cycles are evident in terrestrial and solar data at the periods of the Schwabe cycle (11.07 yr), the Hale cycle (∼ 22.3 yr), the Gleissberg cycle (∼ 90 yr), and in terrestrial beach ridge data (∼ 45, ∼ 90, ∼ 179 yr) (Fairbridge and Hillaire-Marcel, 1977) . We have seen the Saturn-Uranus synodic period is close to the 45 yr period and its multiples. Many inner solar system synodic periods converge in the 44-45 yr range, as shown in Table 7 .
This period is in 2 : 3 Hale cycle ratio with the period of the Atlantic Multi-decadal Oscillation. It is bounded on either side by the period of five Jupiter-Neptune synods (63.9 yr), and five Jupiter-Uranus synods (69.05 yr). The 44.7 yr period is also in a 1 : 2 ratio with the ∼ 90 yr Gleissberg cycle and a 1 : 4 ratio with the ∼ 179 yr Jose cycle (José, 1965) . Table 8 lists periods close to the ∼ 60 yr period identified as an important terrestrial climate oscillation (Mörner, 2013; Scafetta, 2012b; Akasofu, 2013; Solheim, 2013) . This oscillation is observed in phenomena such as the ∼ 66 yr Alantic Multi-decadal Oscillation (AMO) and the ∼ 60 yr Pacific Decadal Oscillation (PDO). It is in approximate 2 : 3 ratio with the 44.7 yr period and 3 : 2 ratio with the Gleissberg cycle ∼ 90 yr. These interwoven relationships are suggestive of resonant effects amplifying the terrestrial responses to solar system stimuli.
At around the period of the Gleissberg cycle, the relationships in Table 9 are observed.
The resulting number series in Table 6 matches a series used in the generation of the powers of phi.
The Schwabe and Hale cycles
The Schwabe solar cycle averaging around 11.07 yr and the solar magnetic Hale cycle of around 22.3 yr have been extensively studied and the planetary relations investigated by several researchers, including Wilson et al. (2008) and Scafetta (2012b) . The Jupiter-Earth-Venus conjunction cycle contains several periodicities including the Schwabe and Hale cycles, and the 44.7 yr inner solar system cycle. Using a modification of a model based on the planetary index devised by Hung (2007) (R. Martin, personal communication, 2010), the present author found that alignment along the Parker spiral adjusted for solar wind velocity in accordance with the reconstruction by Svalgaard and Cliver (2007) was able to replicate the general shape and varying period of the Schwabe solar cycle well, although their varying amplitudes were not well reproduced. The result is shown in Fig. 2 . (Scafetta 2011 (Scafetta , 2012a . The Jupiter-Earth-Venus conjunction cycle contains several periodicities including the Schwabe and Hale cycles, and the 44.7 year inner solar system cycle. Using a modification of a model based on the planetary index devised by (Hung 2008, Roy Martin private communication) , the present author found that alignment along the Parker Spiral adjusted for solar wind velocity in accordance with the reconstruction by (Svalgaard 2010 ) was able to replicate the general shape and varying period of the Schwabe solar cycle well, although their varying amplitudes were not well reproduced. The result is shown in Figure 2 . 
Discussion
This paper provides observations which show that log-normally distributed numerical series which converge to phi, such as the Fibonacci and Lucas series, match the temporal-spatial distribution of matter in the solar system. Further, observations suggest that the patterns which evolve as a result of this nonrandom distribution of matter in the time evolution of the planetary orbits reflect changes in solar activity and the climate cycles observed on Earth. Currently, widely accepted theory concerning the evolution of the solar system considers the forces of magnetism and gravity capable of highly organising the planet's orbits and rotation rates, but the theory that the planets are capable of causing solar variation is contested (De Jaeger 2012) (Scafetta 2011 (Scafetta , 2012a .
Three theoretical mechanisms have been put forward to support the idea that the tidal and angular momentum effects of the planets could be amplified in the solar interior, (Scafetta 2012b) , (Wolf & Patrone 2010) , (Abreu et al 2012) . The present paper adopts a different approach to tidal and angular momentum based theories by asking the question; why phi? 
This paper provides observations which show that lognormally distributed numerical series which converge to phi, such as the Fibonacci and Lucas series, match the temporalspatial distribution of matter in the solar system. Further, observations suggest that the patterns which evolve as a result of this non-random distribution of matter in the time evolution of the planetary orbits reflect changes in solar activity and the climate cycles observed on Earth. Currently, widely accepted theory concerning the evolution of the solar system considers the forces of magnetism and gravity capable of highly organising the planets' orbits and rotation rates, but the theory that the planets are capable of causing solar variation is contested (Callebaut et al., 2012 (Callebaut et al., , 2013 Scafetta et al., 2013) . Three theoretical mechanisms have been put forward to support the idea that the tidal and angular momentum effects of the planets could be amplified in the solar interior (Scafetta, 2012a; Wolf and Patrone, 2010; Abreu et al., 2012) . The present paper adopts a different approach to tidal and angular momentum based theories by asking the following question: why phi?
As well as the convergence of the Fibonacci series to phi, the series can be generated from phi by a process of quantisation. This quantised series is log-normally distributed. The planets' orbital elements, inter-relations, and physical attributes also exhibit log-normally distributed, quantised relationships, some involving powers of phi. The following are two examples of these:
1. The inner and outer gas giant pairs' summed rotation rates are in a phi relationship, and their summed diameters are in a phi 2 relationship, to within margin of error for observation.
The orbital distance ratios of the Galilean moons from
Jupiter can be approximated with powers of phi and more accurately calculated with Fibonacci ratios. It should be noted that Jupiter, Saturn and Mars' synodic periods are in 9-80-89 ratio; i.e 9(=3*3) JupiterSaturn = 80(=2*5*8) Jupiter-Mars = 89(Fibonacci) Saturn-Mars.
It is clear that Jupiter is the transition point in the solar system; from rocky, terrestrial planets to gas giants. From semi-major axes which scale with phi, to scaling with approximate doubling. Nonetheless, all the planet pairs relate numerically with their synodic precession cycle periods in simple ratios involving Fibonacci numbers. The break-point at Jupiter indicates that the outcome of force interactions and mass scales brings about a different regime in the inner and outer parts of the solar system. At the distance of the Jovian planets the Sun's gravity is weak compared to the situation in the inner solar system, and the more massive planets have a relatively much bigger effect on each other gravitationally.
What we see in the heliosphere is that which is left after 4.5bn years evolution of the solar system. A recent model of the way log-normally distributed condensing gases forming a star by condensation proposes that the rate of condensation is accelerated by the power law of gravity as condensation proceeds (Cho, 2011) . The process causes the axial rotation to increase in rate, spinning off matter in a proto-planetary disc. (Rebull, 2013 ) proposes that the solar system's proto-planetary disc was magnetically coupled to the spinning Sun and may have acted as a brake on its rotational angular momentum. This would cause a coupling of the periodicities of solar rotation and the concentric rings of the proto-planetary disc at various distances.
Cho and Kim (2010) find that:
"core (star) formation rates or core (stellar) mass functions predicted from theories based on the log-normal density PDF need some modifications. Our result of the increased volume fraction of density PDFs after turning self-gravity on is consistent with power law like tails commonly observed at higher ends of visual extinction PDFs of active star-forming clouds." The Fibonacci series has the property of containing powers of phi within itself. Adjacent numbers in the series are in approximate phi relation with their ratios converging towards phi as the series moves to higher numbers. Fibonacci numbers two positions apart in the series are in a phi 2 relationship, and those Fibonacci numbers three positions apart in a phi 3 relationship, etc. A possible reason for the Fibonacci series evident in solar system mass and motion ratios is given by Barrow (1982) :
If we perturb a system that has a rational frequency ratio, then it can easily be shifted into a chaotic situation with irrational frequencies. The golden ratio is the most stable because it is farthest away from one of these irrational ratios. In fact, the stability of our solar system over long periods of time is contingent upon certain frequency ratios lying very close to noble numbers.
The relationship between log-normally distributed numerical series and power series has been investigated by Mitzenmacher (2004) , who found that "double Pareto distributions" exhibit log-normal and power-law tails in the two halves of the distributions of randomly generated word lengths. Moreover, these power-law and log-normal distributions can interchangeably arise from randomly generated indices:
The double Pareto distribution falls nicely between the log-normal distribution and the Pareto distribution. Like the Pareto distribution, it is a power law distribution. But while the log-log plot of the density of the Pareto distribution is a single straight line, for the double Pareto distribution the log-log plot of the density consists of two straight line segments that meet at a transition point.
Analogously, the inner and outer solar system exhibit lognormal and power-law-like tails. The difference between the Jovian outer planets and the inner solar system is illustrated in Fig. 3 .
It should be noted that Jupiter's, Saturn's, and Mars' synodic periods are in 9 : 80 : 89 ratio, i.e. 9(= 3 × 3) Jupiter-
It is clear that Jupiter is the transition point in the solar system: from rocky, terrestrial planets to gas giants, and from semi-major axes which scale with phi to scaling with approximate doubling. Nonetheless, all the planet pairs relate numerically with their synodic precession cycle periods in simple ratios involving Fibonacci numbers. The break point at Jupiter indicates that the outcome of force interactions and mass scales brings about a different regime in the inner and outer parts of the solar system. At the distance of the Jovian planets the Sun's gravity is weak compared to the situation in the inner solar system, and the more massive planets have a relatively much bigger effect on each other gravitationally.
What we see in the heliosphere is that which is left after 4.5 Byr evolution of the solar system. A recent model of the way in which log-normally distributed condensing gases form a star by condensation proposes that the rate of condensation is accelerated by the power law of gravity as condensation proceeds (Cho and Kim, 2011) . The process causes the axial rotation to increase in rate, spinning off matter in a proto-planetary disc. Rebull (2013) proposes that the solar system's proto-planetary disc was magnetically coupled to the spinning Sun and may have acted as a brake on its rotational angular momentum. This would cause a coupling of the periodicities of solar rotation and the concentric rings of the proto-planetary disc at various distances. Cho and Kim (2011) find that core (star) formation rates or core (stellar) mass functions predicted from theories based on the lognormal density PDF need some modifications. Our result of the increased volume fraction of density PDFs after turning self-gravity on is consistent with power law like tails commonly observed at higher ends of visual extinction PDFs of active star-forming clouds.
Conclusions
The observations made in the present study demonstrate the outcome of interactions between the power-law-based forces of gravity and magnetism and the interactions both between the Sun and planets, as well as between the planets themselves. These interactions tend to quantise their orbital and internal dynamics in ways which cause the system to evolve a log-normally distributed spatio-temporal distribution of inter-orbital relations, axial rotation rates, and orbits. The most stable interactions are in the ratios 1 : 1, 2 : 3, 3 : 5, 5 : 8, etc. This is why the Fibonacci series is the most clearly observed log-normally distributed series in the solar system. Apart from the ubiquitous 1 : 1 relationship of spin : orbit displayed by nearly every moon in the solar system tidally locked to its planet, the next most frequently observed ratio is 2 : 3. Out of the numerous examples, those most relevant to periods at which we see cycles in solar proxy records and solar observations are Mercury's 3 : 2 spin : orbit of the Sun, Venus' 3 : 2 spin against Earth's orbital period, and the 2 : 3 of Earth-Venus' synodic cycle precession period against the Jupiter-Saturn synodic cycle precession period converging at the longer Halstatt cycle length of ∼ 2400 yr.
We also see 2 : 3 behaviour on the Sun itself. The rate of rotation at the equator (24.47 days) is close to a 2 : 3 ratio with the rate of rotation near the poles (∼ 36 days). The rise time from Schwabe cycle minimum to maximum is, on average, in approximate 2 : 3 ratio to the period from maximum to minimum.
It is evident that the same mass distributions and forces which originally formed the Sun, a log-normally distributed gas cloud condensing under self-gravity, continue to influence its cyclic variation. The same is the case for the continual "cogging" and re-alignment of the planets as the interplay of forces with their neighbours and the Sun causes continual adjustment of their orbital periods and rates of rotation, maintaining an orderly log-normal spatio-temporal distribution.
Systems which maintain stability through cybernetic feedback oscillate about a mean. Such oscillation is observed throughout the solar system: variation in Earth's length of day, the 0.1 % variation of total solar irradiance measured during the Schwabe cycle, the long-term oscillations observed in solar proxies, and exchanges of angular momentum between Uranus and Neptune. The inexact periodic relationships undergo phase drift, and leave "standing waves" of modulated magnitude near the convergent frequencies identified in this study. To understand how the motion of the planets could be linked to terrestrial climatic variation, both via solar variation and directly, we must additionally consider the thermodynamic, gravitational, and magnetic forces to which both the planets and the Sun are currently subjected and were originally formed by. The Sun's decadal variation in total solar irradiance is around 0.1 % of its output. If the strong correlations observed between planetary motion and solar variation are indicative of cybernetic feedback, then such a minor variation at around the orbital period of the largest planet in the system may indicate a well-attuned system very close to boundary conditions. Small resonantly amplified forces regularly applied to such systems could account for the observed variation. Until further research can establish the magnitude of forces required to sustain cybernetic feedback, a causal explanation for the correlations observed can be no more than tentative. The author wishes to stimulate the interest of those with better access to data and better analytic capability so progress can be made on this subject. The goal is accurate shorter and longer term prediction of changing solar activity. This ability will become more policy relevant as natural cyclic variations are increasingly recognised as important climate variables. Table A2 . In comparing real against randomly generated rotation ratios it is found that the real ratios obtain Fibonacci numbers around 50 % lower in value. This indicates that the real values are related in a non-random way. This makes the current theory that planetary rotation rates reflect the circumstances of the last collision the planetary bodies were involved in unlikely. 
